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1. [10 marks] A uniform infinitely long positive volume charge density p [C/mî] is distributed inside a 
cylinder of radius a. Answer the following questions: 


(a) What is the electric field (E ) for O0<r<a. Identify both magnitude and direction. (3 marks) 

(b) What is the electric field (E ) for a<r<oo, Identify both magnitude and direction. (3 marks) 

(c) A positive charge q has moved from point P; to P2. As the result of this movement has the electrostatic 
potential (AV) increased or decreased and by how much? (Give an expression for AV) (4 marks) 


(a) E = Aa radial outward 
0 


a? 1 . 
= x - radial outward 
(0) 


= 2 
(c) AV = £ < x In È voltage increased due to movement from P1 to P2 
(0) 1 
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2. [10 marks] The figure below shows a parallel-plate capacitor with an area of 0.15m. The capacitor is 
charged to a voltage of /20 Volts by a battery and then the battery is disconnected. A dielectric material of 
thickness 0.5cm with a dielectric constant of 3 is then inserted symmetrically between the plates as shown. 
Determine: 


(a) Capacitance before inserting the dielectric (2 marks) 

(b) Capacitance after inserting the dielectric (3 marks) 

(c) Electric potential difference across the plates after inserting the dielectric (2 marks) 

(d) Whether the dielectric is pulled in or must be pushed in and work required to insert the dielectric (3 
marks) 


(a) 88.5 pF 


(b) 114 pF 15cm | aaa 


(c) 93.16 V | 
(d) -142.5 nJ, pulled in 


t 0.5cm 


t 0.5cm 
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3. [10 marks] Consider the infinitely long conductor of radius R=10 mm, located along the y-axis. The 
1000 A current flows in a positive y direction and is uniformly distributed through its cross-section. 


(a) Where in the x-z plane is the magnetic field the greatest? Consider the area inside and outside the 
conductor. What is the maximum value of the magnetic field? (3 marks) 

(b) What is the minimum value of the magnetic field inside the conductor and where does this occur. 
(1 marks) 

(c) Calculate the magnitude and the direction of the magnetic field at point A (40m, 10m, 30m). (3 marks) 

(d) Assume that 10nC charge is located at A and is moving with velocity v = 1m/s in the positive y direction. 
Calculate the force vector on the charged particle. (3 marks) 


(a) Maximum at r=R, Byax=20mT 
(b) Bnin=0 at r=0 


(c) Ba=4 microTesla perpendicular to the radius 


(d) F=4x10"''N radial inward (toward the conductor) 
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Q1 [10 marks] Two stationary charges, one of 1.0 uC and the other of 4.0 uC, are separated by a distance of 
10 cm as shown in the figure below. 


a) On the diagram below sketch the E-field lines between the charges. (3 marks) 


x=Ocm x= 10 cm 
— Q0 © p; 
1.0 uC 4.0 uC 


b) Determine the location of the point between the charges on the x-axis where the E-field is zero? (3 marks) 
10 
z (cm) 


c) A third charge of -2.0 uC is placed mid-way between the two positive charges. Calculate the total force on 
this new charge. (4 marks) 


21.6i (N) 


Q2 [10 marks] Consider two concentric conductors, an inner sphere of radius a and an outer spherical shell 
of radius b as shown in the figure. The inner sphere has a positive charge and the outer spherical shell has a 
negative charge equal in magnitude to that of the inner sphere. 


a) What is the electric field anywhere in the space outside of 
the outer spherical shell? (1 marks) 
Zero 


b) For a = 2 cm and b = 7 cm, if the magnitude of the electric 
field is 3x10° N/C at radius r = 5 cm in the space between the 
two concentric conductors, what is the charge on each of these 
conductors? (3 marks) 


8.34 x 10” (C) 


c) Derive the capacitance of this system of conductors (Note: an expression in terms of a and b is required). 
(4 marks) 


d) Assume that the outer shell has a diameter that approaches infinity, what is the energy stored in the center 
conductor if its radius is equal to the radius of earth (6.371 x 10° m)? (2 marks) 


4.91 x 10” (J) 


Q3 [10 marks] 


a) The rectangle shows the top view of a copper slab of length L and thickness T (thickness T not shown in 
the figure) placed in a uniform magnetic field (B) pointing into the page. Please note that the copper slab is 
non-deformable. A constant current I is passed through the copper slab from the bottom to the top (wires 
bringing the current into and out of the slab are not shown). Moreover, a voltmeter is connected to the 
rectangular slab at locations labeled C and D. Circle the correct observation listed below and justify your 
answer. (4 marks) 


i) Electrostatic potential (i.e. voltage) at C is higher than D. € e are moving from top to bottom, 
ii) Electrostatic potential (i.e. voltage) at C is lower than D. force one are pointing from right 
iii) Electrostatic potential (i.e. voltage) at C is the same as D. to left, e will accumulate on left side 
X X X X X X 
B 
X 


b) Figure below shows a straight metallic wire (in the shape of a cylinder) placed in a uniform magnetic field 
of B = 1.5 T pointing into the page. A current Io flows through the wire (connections are not shown) and the 
wire is elevated from the floor. If mass density of the wire (°) is 8920 kg/m? and wire radius is 0.5 cm, what 
is the magnitude and direction (from left to right or from right to left) of the current needed to keep the wire 
afloat above the floor. (6 marks) 

{ Hint: magnitude of the gravitation force on an object is given by: Fg = m g, where m is the object’s total 
mass and g is a constant equal to 9.81 m/s*} 


x x x x x x x x x x x x 4.577 (A) from left to right 
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Question | Mark 


Q1 [10 marks] The charges, qı = +11 nC and q2 = -11 nC, shown in the diagram below are separated by a 
distance of 11.0 cm. 


i) Determine the electric field at location ‘a’. (4 marks) 


ii) Find the electric potential at location ‘a’. (3 mark) 


e.o . . 5 S ¢ ’ S ¢ >. 
iii) How much external work is required to move a charge, q = rA nC, from location ‘a’ to location ‘b’? 
(3 marks) 


Q2 [10 marks] A parallel plate capacitor is formed by two identical metal plates, each with an area A = 12 
cm’. The plates are separated by a distance d = 3.25 mm. The top plate has a charge of q = 4.3 x 10° C while 
the bottom plate has a charge of q = -4.3 x 10° C. 


i) What is the capacitance of the capacitor? (1 mark) 


ii) What is the voltage across the capacitor? (1 mark) 


iii) What is the electric field strength between the plates of the capacitor? (1 mark) 


Q2 continued 


iv) The parallel plate capacitor above (labeled as C;) is then fully discharged so that q = 0, and placed in the 
following circuit. 


The circuit is then connected to the battery B, which has a voltage of 6 V. If Cz = 10 pF and C3 = 15 pF, 
calculate the new charge on C;. (4 marks) 


v) Calculate the energy stored in C2. (3 marks) 


Q3 [10 marks] 
i) Circle the correct statement(s) below: (1 mark) 


A magnetic field obeys the principle of superposition. 

B magnetic field lines of a moving charge form closed loops. 

C magnetic flux through a closed surface is proportional to the total number of magnetic poles enclosed in 
the surface. 


ii) A long straight copper wire lies in the north-south direction and carries a current pointing to north. The 
wire is immersed in a uniform magnetic field pointing out of the page. Circle the correct direction of the 
force exerted on the wire. (1 mark) North 


North East South West into the page out of the page West East 


South 


iii) Two long insulated wires are located along the positive x and y axes, each carrying a 10 A current, as 
shown below. Determine the magnetic field (strength and direction) at location (1 cm, 1 cm, 1 cm). (8 marks) 


10A 


10A 
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Q1 [10 marks] 


a) [4 marks] Figure shows a uniform electric field E = v3 i+ k penetrating through the top surface ofa 
box (box itself is not shown) with dimensions a = 3m by b = 4m which is located in the x-y plane. What is 
the value and sign of electric flux through the top surface? z 


b) [6 marks] Positive charges q4 = q3 = 2 nC are placed at the vertices of a triangle as shown. A charge 
q (positive or negative) is to be placed inside the triangle (as shown) such that it experiences no net force. 


What should be the value and sign of charge q3? 


Note: q4, dz, and q3 are stationary. 


0 Co a 


force g CUME \ 


a corp 


Q2 [10 marks] 


There are 2 infinite non-conducting sheets, each with a surface charge density o of -2 C/m*. The first sheet 
resides on the x-y plane (i.e. the plane described by the equation z = 0); the second sheet resides on the y-z 
plane (i.e. the plane described by the equation x = 0). All positions are defined in Cartesian coordinates 


(x,y,z). 


y 


| 
| 


ee Bannan enews # (3,0,3) 


a) [2 marks] State the position(s) where a -1 C charge has the greatest electric potential energy. 


ants 


Bree 


b) [3 marks] A -1 C charge moves from the position (1,0,1) to (3,0,3). What is the electric potential 
energy difference? 


lean 


c) [2 marks} A -1 C charge moves from the position (1,0,1) to (3,3,3). What is the electric potential energy 
difference? 


d) [3 marks] A +1 C charge moves from the position (3,3,3) to (1,0,3). What is the potential difference 
(i.e. voltage)? : 


Q3 [10 marks] 


Consider a parallel plate capacitor, which consists of two conducting plates, each with an area A = 4 cm? 
and separated by a distance d of 0.2 cm. The capacitor is connected to a battery with output voltage, 
V = 5.2 V as shown in the figure below. 


eo. Switch 


a) [2 marks] Calculate the energy stored in the parallel plate capacitor when the capacitor is connected 
directly to the battery. 


? ff 


i= Ley” = Quxw J 


a 
dom 


b) [2 marks] The parailel plate capacitor, in part a), is then disconnected from the battery. A dielectric, 
with dielectric constant k = 8, is inserted between the plates. Calculate the new energy stored in the 
capacitor? 


a2 


2 gxb I 


5 

& 

zu 
i 


c) [6 marks] The parallel plate capacitor, in part b), with the dielectric in place, is then connected to the 
bank of capacitors shown on the right hand side of the figure. The capacitors have values of C1 = 5 pF, C2 
= 6 pF, and C3 = 9 pF. Calculate the charge stored in C1 and the final voltage across the parallel plate 
capacitor. 
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1. [10 marks] A uniform infinitely long positive volume charge density p [C/mî] is distributed inside a 
cylinder of radius a. Answer the following questions: 


(a) What is the electric field (E ) for O0<r<a. Identify both magnitude and direction. (3 marks) 

(b) What is the electric field (E ) for a<r<oo, Identify both magnitude and direction. (3 marks) 

(c) A positive charge q has moved from point P; to P2. As the result of this movement has the electrostatic 
potential (AV) increased or decreased and by how much? (Give an expression for AV) (4 marks) 


(a) E = Aa radial outward 
0 


a? 1 . 
= x - radial outward 
(0) 


= 2 
(c) AV = £ < x In È voltage increased due to movement from P1 to P2 
(0) 1 
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2. [10 marks] The figure below shows a parallel-plate capacitor with an area of 0.15m. The capacitor is 
charged to a voltage of /20 Volts by a battery and then the battery is disconnected. A dielectric material of 
thickness 0.5cm with a dielectric constant of 3 is then inserted symmetrically between the plates as shown. 
Determine: 


(a) Capacitance before inserting the dielectric (2 marks) 

(b) Capacitance after inserting the dielectric (3 marks) 

(c) Electric potential difference across the plates after inserting the dielectric (2 marks) 

(d) Whether the dielectric is pulled in or must be pushed in and work required to insert the dielectric (3 
marks) 


(a) 88.5 pF 


(b) 114 pF 15cm | aaa 


(c) 93.16 V | 
(d) -142.5 nJ, pulled in 


t 0.5cm 


t 0.5cm 
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3. [10 marks] Consider the infinitely long conductor of radius R=10 mm, located along the y-axis. The 
1000 A current flows in a positive y direction and is uniformly distributed through its cross-section. 


(a) Where in the x-z plane is the magnetic field the greatest? Consider the area inside and outside the 
conductor. What is the maximum value of the magnetic field? (3 marks) 

(b) What is the minimum value of the magnetic field inside the conductor and where does this occur. 
(1 marks) 

(c) Calculate the magnitude and the direction of the magnetic field at point A (40m, 10m, 30m). (3 marks) 

(d) Assume that 10nC charge is located at A and is moving with velocity v = 1m/s in the positive y direction. 
Calculate the force vector on the charged particle. (3 marks) 


(a) Maximum at r=R, Byax=20mT 
(b) Bnin=0 at r=0 


(c) Ba=4 microTesla perpendicular to the radius 


(d) F=4x10"''N radial inward (toward the conductor) 
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Q1 [10 marks] Circle the correct answer in each of the following question. 


1.1 Which one of the following statements concerning the electric force is true? (1 mark) 


A) Two charged objects with identical charges will exert an attractive force on one another. 
OL is possible for a small negatively charged particle to float above a negatively charged 

surface. 

C) A positively charged object is attracted toward another positively-charged object. 

D) The electric force cannot alter the motion of an object. 


E) Newton’s third law of motion does not apply to the electrostatic force. 


1.2 A charged particle, labeled A, is located at the midpoint between two other charged particles, 
labeled B and C. The sign of the charges on all three particles is the same. When particle A is 
released, it starts drifting toward B. What can be determined from this behavior? (1 mark) 


A) The charge on A is larger than the charge on B. B A C 


B) The charge on A is larger than the charge on C. 
C) The charge on C is larger than the charge on B. 
D) The charge on B is larger than the charge on A. 
E) The charge on B is larger than the charge on C. 


1.3 Two protons (pı and p2) are on the x axis, as shown below. The directions of the electric 
field at points 1, 2, and 3 respectively, are: (1 mark) 


1.4 Which one of the following statements best describes the concept of the electric field? (1 
mark) 


A) The electric field is a vector quantity that is the reaction force of electrons. 


B) The electric field at each point is the potential energy of a test charge divided by the amount 
of the test charge. 


( C))The electric field is a distribution of vectors at points due to the presence of one or more 
Charged objects. 


D) The electric field is a scalar quantity related to the total amount of charge on one or more 
charged objects. 


E) The electric field is a scalar field, which has a magnitude at each given point, similar to the 
temperature or pressure field. 


1.5 Consider the three charges shown in drawings A and B. The values of the charges are qi = 
+4 x 10” C; q = +2 X 10” C; q3 = -2X 107 C. In drawing A, a Gaussian surface surrounds 
charge qı; and in drawing B, the Gaussian surface surrounds all three charges. Which one of the 
following statements concerning the electric flux through the two Gaussian surfaces is true? (1 
mark) 


O 


+ 
q3 


Drawing A Drawing B 
A) The flux through the Gaussian surface in drawing A is greater than the flux through the 
Gaussian surface in drawing B. 


The flux through the Gaussian surface in drawing A is the same as the flux through the 
aussian surface in drawing B. 


C) The flux through the Gaussian surface in drawing A is less than the flux through the 
Gaussian surface in drawing B. 


1.6 A point charge is placed at the center of a spherical Gaussian surface. The electric flux z is 
changed if: (1 mark) 

A) The sphere is replaced by a cube of the same volume 

B) The sphere is replaced by a cube of one-tenth the volume 

C) The point charge is moved off center (but still inside the original sphere) 


D the point charge is moved to outside the sphere 


| E) A second point charge is placed just outside the sphere 


1.7 The flux of the electric field (24 N/C)t + (30 N/C) ĵ + (16 N/C) k through a 2.0 m° portion of 
the yz plane is: (2 marks) 


A) 32N-m’/C 
B) 34N - m?/C 
C) 42N-m’/C 
48 N - m’/C 
E) 60N-m’/C 


1.8 A 3.5-cm radius hemisphere contains a total charge of 6.6 x 10 C. The flux through the 
rounded portion of the surface is 9.8 x 10* N-m?/C. The flux through the flat base is: (2 marks) 


EN 


a N N 
y WA \ 
/ 3.5m A 
l Wi | 


A) 0 N-m?/C | ) 
B) +2.3 x 10° N-m°/C 
C) -9.8 x 104 N-m’/C 
D) +9.8 x 10° N-m7/C 
E) 92.3 x 10° N-m’/C 


Q2 [10 marks] 


a) Consider a circuit (see diagram below) that consists of a battery = 5 V connected in series with a 
resistor (R). The resistor is a solid cylinder with a given resistivity, 2x10~*0m, diameter = 1 mm, and 
length = 2 cm. Each terminal of the battery is connected to the resistor via cylindrical wires that have a 
radius = 1 mm and resistivity, 1x107°Qm. Calculate the current density through the resistor (R). [Ignore 
the length of the battery] (4 marks) 


Hint: The total resistance equals the sum of resistances connected in series 


25 
10cm 


{> 
Sem | 4cm 
R i Ra 2cm R resstor 
Som | 4cm 
Rs 


4 
L -¢ lox | = 99202 
K= K,= Ks= AT [xto nlo 


0 
ee = 0.25 [L 


== 


2.0.32 t 9.ac = 21 


ah 
-4 aa = ŞS. Le 
Kresistore QO pls") 


A Il wies 


Q2 continued 


b) If a capacitor consists of two parallel stainless steel disks (radius = 5 cm) separated by 1mm and with a 
ceramic material (dielectric constant = 100) inserted between the two disks, calculated the charge stored 
on this capacitor when a potential difference of 4.75 V is applied across this device. (2 marks) 


C= KaT laa” 


c) Consider the two circuits below, where the capacitance of each individual capacitor is 10 nF. If 
V, = 4.75 V, determine V3 such that the same amount of capacitive charge (q) is stored in both circuits. 
Also, determine which circuit requires more energy to store q, and by how much? (4 marks) 


Vv, = 2V, 29.5 V 
U = P CMa 


Ley? ae ; 
= 5 (Smo 4-5 


d Clo xo?) (4.19) 


x 
il 


Il 


z 112.8 nJ = 225.6nT 
Uu I's tuyce as maueh as ü, 
or 


(equ 0 []2. Gat mre Cours 


Q3 [10 marks] 


a) Figure below shows a copper plate carrying a uniform current J immersed in a uniform magnetic field 
B. A voltmeter is used to measure the electrostatic potential (AV) between the right and left sides of the 
plate. Is the voltage at the right side higher, lower, or the same, when compared to the left side? Justify 


your answer. (3 marks) 


C2 -lel mx 


a pants eight for 


DOO- 
OOOO: 


© 
Left Side © 
© 
© 


> Right Side 
Clectrye 
a 
- ', Veight < Vett 
J 
b) A long straight wire of radius R has a non-uniform current density given 
by] = “an that flows as shown in the figure. Jọ is a constant and the wire 
carries the total current of 7. Derive an expression for the magnitude of the 
magnetic field B, in the region 0 < r < R, in terms of Z, r, R, 4o and 7. 
(7 marks) 
[2 -ds = Mo Terc 
C 
a 
$ R.ds= f ed = [Sedu 
29 
puts cer a « Ae i 
? 
Lez [f Foa d R R an J, He’ 
p ro z pt wat BR in bene of T 
Jo2e r 2n R x 
pre coil 
= x; aa f 
lene R 3 T- {i 3:-dA = |) 32 dedg = s 
So 
2 
Nom R __21I 
B. ds = Mo Fas r Jea Oe ae x: 
7 C Tola r n 
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Q1 [10 marks] 
Figure below shows an infinitely long thin wire with uniform charge density 4 [C/m] placed horizontally 
above the ground. A positive charge +Q (with mass m) is suspended above the charged wire (and ground) as 


shown. 


@ +O 


Line of charge, charge density A 


AE A ae ea 


Ground 


a) What is the sign of the charges on the wire (positive or negative)? Justify your answer. (2 marks) 


Positive Fo = a 


b) Find an expression for the line charge density 2 as a function of Q, m, and other parameters? (3 marks) 


o 
Lp is A = Ars e 
e, KAS ss Mg 


A Po e 
P Čo p 


Q1 continued 


c) Now, suppose at time t = 0, a uniform infinite sheet of positive charge with charge density ø [C/m’] is 
positioned as shown below. In which direction does the charge +O begin to move? Justify your answer. 
(2 marks) 


Sheet of positive 


+0 charge O 


+ 

+ 

+ 

+ 

+ 

Line of charge, R = 
charge density A + 
+ 

+ 

+ 

+ 


be ett 


as x ‘ t A 
hove, trom rigot le left 


d) Find an expression for the magnitude of the velocity by which the charge +O moves in terms of O, m, t 
and other parameters. (3 marks) 


; : dv 
Hint: acceleration, a = ER 


RR a | ae 
Fe = EQ, whe Eom 2¢, 


= = ov 
Fema—-p Fe ae 


road 


velocity = ag. Q6 


Q2 [10 marks] 


a) The capacitor C; = 8 uF was initially charged to a potential difference Vp = 120 V through a power supply 
and then disconnected from the power source. The capacitor Cz = 4 uF was initially uncharged. What is the 
potential difference across each capacitor and what is the charge on each capacitor after the switch is closed 
for a long time (i.e. after charge no longer flows)? (4 marks) 


Switch 
oo =- 


Q. = C Vo = Fed ue 
atler swikh closed 
Cia z C, Gy = lau 


V =V = mcr = ƏV 
Kegel 


Mi 


ORTAN 


ae Ca Nas 


640 uG 


parle wy ae 


yì 


Q2 continued 


b) A 5 nF parallel-plate capacitor is charged to 120 V. It is then disconnected from the battery and immersed 
in distilled water. Distilled water is a good insulator with a dielectric constant x = 80. 


i) What are the capacitance and voltage of the water-filled capacitor? (2 marks) 


C water-filled = hag A = V water-filled = i. S V 


CO pcb PRs = Bat 
saw 


Vz a Q erens Fume Di Væ Cc 


C -4 


Vasenul p X 


ii) What are the energy stored in the capacitor before and after its immersion? (2 marks) 


; Mie ag 3 \ f yas P f 2a x P AS a 
Unge = Ty =F ECDL E AE S 


2- 
E ee TE cee ot 
ler = F Gawler Fld Vek Clad = H.S F 


Q2 continued 


c) Three current-carrying wires are shown below and each wire has a current of Ig. (2 marks) 


yY Variation of radius: 


2a 
r(x) = TY +a 


Case A Case B See 


is a Length =/ 
Length =7 Length =l Start/End Radius = a 
Radius = a Square side length = a Middle Radius = 24 


Conductivity = d9 Conductivity = 209 


Conductivity = do 


Circle either true (T) or false (F) for each of the following statement. (2 marks) 


i) The largest current density is found in Case C. T £) 
ii) The resistance of Case A is larger than that of Case B. T (F) 
é) L 


Curent kasih = Cas n o 


2 A „24% A = Na (min ) 


Case. C 


Ay coh TA 


Q3 [10 marks] 


a) Consider a beam of electrons moving with a constant velocity v, through a magnetic field, B, directed into 
the page, as shown below. 


i) Which of the following diagrams correctly describes the motion of the electron beam. Circle the correct 
answer. (1 mark) 


x 
X 
X 
X 


KKK 


KKK 
x< xK 


KKK 
KKK 


Q3 continued 


b) A circular loop of radius R = / cm, carries a current, i; = 10 mA, in a clockwise direction as shown in the 


figure below. At a distance of 2 cm from the centre of the loop there is a straight wire carrying current i) = 25 
mA, 


i2 
1) What is the magnitude and direction of the magnetic field at the centre of the loop? (3 marks) 


B= 3.78x0 T(; Bi = —— = anxto irp 
eve kp ~ AR 
Hs & 5 i ae a. 
= A = P S xlo T oaf of 
ee Piste 


se x 2x0 


ii) What value and direction of i2 would produce zero-magnetic field at the center of the circle? (2 
marks) 


i zl O 
R 
ta =20z mÅ of 62.6 mA 


lett de nsf 


Q3 continued 


c) Consider the two concentric conductors as shown below. The inner conductor has a radius of a = 1 cm, 
while the outer conductor has an inner radius of b = 3 cm, and an outer radius of c = 4 cm. The inner 
conductor carriers a current of 7 = 40 mA and the outer conductor carries the same current in the opposite 
direction. 


i) What is the magnitude of the magnetic field at a radius of r = 2 cm (between the inner and outer 
conductors)? (2 marks) 


10 


(e= 1.6 x10 C, &) = 8.85 x10" F/m, uo = 47x10” H/m, g = 9.81 Nikg ) 
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Q1 [10 marks] 


e Consider two concentric conductors, an inner sphere of radius 2 cm 
6 cm and an outer spherical shell of radius 6 cm as shown in the figure. 


2 e The inner sphere has a positive charge and the outer spherical shell 
has a negative charge equal in magnitude to that of the inner sphere. 


e The magnitude of the electric field is 9.94x10° N/C at r = 4 cm in 
the space halfway between the two concentric conductors. 


(a) Compute the total flux through the surface of the inner sphere. (3 marks) 


2 x 10° (Nm7/C) 


(b) What is the charge on the inner sphere? (2 marks) 


1.8 x 10° (C) 


(c) Compute the total flux through the outer surface of the spherical shell. (1 marks) 


0 
(d) What is the potential difference between the two concentric conductors? (4 marks) 


5.3 x 10° (V) 
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Q2 [10 marks] For a capacitor consisting of two concentric conductors: an inner cylinder of radius a and an 
outer cylindrical shell of inner radius B as shown below. 


a) Derive the expression for the capacitance. (7 marks) 


b) What is the capacitance if the space in between the two conductors is filled with a dielectric material 
having a dielectric constant «. (1 mark) 


2K EL 


ine 


c) Determine the ratio of the energy stored in the two capacitors in (a) and (b), if both are charged to the 
same potential. (2 marks) 
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Q3 [10 marks] An electron travels at a velocity |v | = 1x10’ m/s horizontally between two large horizontal 


parallel plates. The plates are separated by 1.0 cm and have a potential difference of 200 V, as shown in the 
figure. What magnetic field strength and direction will allow the electron to pass between the plates un- 
deflected? 


200 V 


a 
bs 
= 


1.0 em. > 


A 


OV 


2 x 10° -k (T) 
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1. [10 marks] Consider two parallel, infinite non-conducting thin sheets of charge which have uniform 
surface charge densities of +20 and —o separated by a distance L. A cylindrical Gaussian surface with radius 
r, extending a distance L on either side is constructed around the planes as shown in the figure. 


(a) What is the net flux through this cylindrical Gaussian 
surface? [2 marks] 


(b) What is the magnitude of the electric field which emerges from its top, bottom and sides? [3 marks] 


Oo 
Etop = Ebottom = Fides =0 
2Eo 
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An infinite non-conducting thin line of charge which has a uniform line charge density of +A, is positioned 
perpendicularly to the planar sheets of charge and aligned with the central axis of the cylindrical Gaussian 
surface, as shown in the picture below. Neglect the effects of the intersection of the wire with the sheets. 


(c) What is the net flux through the Gaussian surface? 
[2 marks] 


+ (nr?o + 3LA) 
E0 


(d) What is the magnitude of the electric field which emerges from its top, bottom and sides? [3 marks] 


F F o À 
top — bottom 7 
i CESE JEg 2TEor 
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2. [10 marks] A cylindrical capacitor consisting of two coaxial cylinders of radius a and b (b>a) and length 
(L) where L>>b is shown in the Figure below. The inner shell has a total charge of +Q and the outer shell 
has a total charge of -Q. Fringing may be neglected. 

Develop a relationship for capacitance of this device in terms of a, b, and L. 


= 2TEoL 


~ In(®/q) 
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3. [10 marks] Three thin long wires are positioned in the form of an equilateral triangle with current Ig (Io is 
positive) as shown below. There is no electric contact between the wires where they intersect each other and 
you can assume the wires are infinitely long. 


a) What is the magnetic field (B ) direction and magnitude at the point o? [6 marks] 


b) Initially an electron is moving along the positive x-axis at the point o. Does the trajectory of the electron 
change as the result of the magnetic field at 0? If yes, in which direction will the electron be deflected? 
[2 marks] 


c) Now consider another electron moving initially along the positive z-axis at the point o. Does the magnetic 
field (B) do work on the electron? Justify your answer. [2 marks] 


Holo 

a —— 

) 2nd 
b) yes, in +xy direction 

c) no. 
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Q1 [10 marks] 


e Consider two infinitely long concentric cylindrical conductors as shown in the 
figure, and having radii “r” of 2cm and 6cm, respectively. 


e The inner cylinder has a positive charge and the outer cylindrical shell has a 
negative charge equal in magnitude to that of the inner cylinder. 


e The magnitude of the electric field in the space halfway (r=4cm) between the 
two concentric cylinders is 9.94x10° N/C. 


(a) What is the surface charge density on the inner cylinder? (3 marks) 


= |. 76x00 C i 


(b) Compute the flux through a cylindrical surface of length 10cm on the inner cylinder. (2 marks) 


B= 25x00? Naa 


(c) Compute the total flux through the outer surface of the cylindrical shell. (2 marks) 
f= 
(d) What is the potential difference between the two concentric cylinders? (3 marks) 


AV = 4,37 x00" V 
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Q2 [10 marks] A Van de Graaff generator consists of a large, hollow metal sphere, with an outer diameter of 
30 cm. It is far away from ground and other charged sources. Charge is put onto the generator at a constant 
rate of InC/second. 

(a) What is the capacitance of the Van de Graaff generator? (6 marks) 

(b) How long does it take to charge it to 100 kV? (2 marks) 

(c) How much energy is stored by charging the generator from 0 to 100 kV? (2 marks) 


Hint: Consider the Van de Graaff generator as a capacitor with only one conducting sphere, implying the 
other conducting sphere is at infinity. 


(A) C=/6,65 PF 
O) /665 second 


G “=83,5 mI 
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Q3 [7 marks] For the wire loop shown in the figure below, I;=10 A, w=30 mm, h=5 mm, and the magnetic 
field B = 15 T. 


(a) Calculate the force acting on the wire segments ab, cd and ad of the loop. (5 marks) 
(b) If the wire loop is suspended and is free to move; in what direction will it move? (2 marks) 


— 


w E,=-0.754 N) 
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Q1) Charge is uniformly distributed on an insulating spherical shell centered on the origin, as 
shown. The radius of the shell is R. The charge density is o [(C/m’, o>0]. 


(a) Find the electric field at location A(0,R/2,0) 7- 
Take a Gen se Mt Sus face (ns he the sphere passing fheough A 


eb Cedi = €olél-4r($)° =o 


> =? ie =< 
7 
= 
ra =O 


(b) Find the electric field at location B (0, 3R/2,0) | 2 | 
Take a Gas ssmn Surfrce cuts He Be Sphere poses Flues È 
a t 


cga a Han, = Bote? 


(c) Ifa positive charge qo is placed at B, find the magnitude and direction of the electrostatic 
force experienced by the test charge. ; = 7 


a AAT A 
ea Gee, l 
= z 44,7 A 
= tC = O Me 
F be i q l 


(d) With the positive charge qo placed at B, where is the electric field zero, other than at 
infinity? Specify the location coordinates in terms of R, o, and qo. © | 


anti $ D jyl =e 
ba * | zet 3 lglzR 
Sau he t$ oa b (o 2, c) , eA He i ine sick: E fretd i Ferro 
Somewhere on Th Y Om , Bo E ver 
2 ee ae ( ane a- Er i 
E p = E san an : , s 
OE gua: E J HIFA 
ea t> gito (4 -35 
a rR = be 
nn ie Fe BY Iyle 
(> ee t 
sR $e. 
(y- 22) = tes 3 (38/2) 
ee = SSS = ‘cn! Wie 
= 4 = i = ss g I+ Jee 
| +f ae Reg = 


Bayo fred [etetioan (0, “0 ) 


Q2) The figure below shows an infinitely long thin wire with uniform positive charge density A 
[Cem] and a positive point charge q: 


a) Derive an expression for the change i in electrostatic potential (vottage) in going from the 
initial duuda the final point F. 


AS TRL a Ese he Wie. is gwen h] Et Ean ar ér eve ther Ton zl 


he. chen} im hig kepit Pebenbi ad (EP. ) dve fe idire fa AT Je ir gn font 
her Ha f i? BV) 2 Ves Ving Mates of €- ds = = Jh dreng 


esra] | 2rgol 
Bed 


-m 


where TE Jeo’ or sivtfecd Gs Leds- Gasez] y | 


| | | T Ee | | = 
SVK = Pome a ab dr- HA Fatir j | x —- zA ra = iai) 
mi Ri 2 Hanie 
E er zabe ere | 


Now, fer seed ain EP At ks Pond Gharaf t 


pEr ike brik hows ait ES ip ert 
reretia Angre im 


irae Ami ANA chore 


: Pr SaN REREN woke phet Ipu tan ah a Pal b's 
Wyp Yi- Va Vere PELAN 


; y= 
bd Me Wie ~ [FE ds 


Q3) Consider the cross section of three wires, shown in the figure below. The wires (1,2, and 3) carry 
currents (1), Is, and Is) into and out of the page. 


peee 


ye 1 hx 40-8 2 5315 


A 
i 
i 
i 
i 
i 
L 
i 
@ h=1A. 
i 
L 
i 
3 cm - 
i 26% 
i 
' k=2A l3+=4A 
© tit nt A Se SSE SSS || Ss = tans a a ‘a a cc 
x 
4cm 
a) Calculate the x and y components of the B-field at the location of wire 1 due to only the current Iz. 
‘es, | 
Be 2a i i 
= ge R 
- 4% re 9 9 
ae le. eee 


using Ue right han A mle , ond nance l, a cut 
A Ha pog U A He B {idt % almy be -> ari 


m 
QR . -133x090 T +4 
a E 
b) Calculate the x and y components of the B-field at the location of wire 1 due to only the current Is. iis 
-? 4 
_ Me £ — RYD . eT =: 
ba = an A 7 Æ bex T 


T oO o+ 
>C - Companeat 
: a = =æ 
Dia, = TELS x Ces iZ-f2 =#O-Fbxio "= He 
4 - Componet 


nae 
Prey =. bÉ ae $3.13 Soh 28eie T { 


c) What is the B-field at the location of wire 1, due to the other two currents? 
+ Indicate direction of B-field on figure 


Ba ouf Er positron È Bi +B 


E E 13 


- 5 
= ï i = A =y | 
b- = O- 37xia lt 4 2 «kes T] 


d) What is the direction of the force experienced by wire | due to the other two currents? Show the 
direction on the diagram below. ae 


3cm 


à 
T 


4 cm 
T okut Force: on Were 'i guen by F= ¿Lx B 
Force ak W° te tte plae dikine by iÉ ant È 


